Exposure values ranged between 0 and 8.95 µg/day.Kg bw , a value close to the tolerable daily intake established by EFSA -10 µg/day.Kg bw . However, the 97.5 th percentile and the average were, respectively, 1.82 and 0.44 µg/day.Kg bw , indicating that further refinement of the estimates is not necessary. Other phthalates were also detected in the packaging samples:
di-isobutyl phthalate and di-ethylhexyl phthalate. This latter was present in all packaging samples collected and was detected in a few food samples at values requiring further investigation. Phthalates are amongst the more commonly found organic contaminants in environment and consumer products. They are used as plasticizers in many plastics applications, including packaging and other food contact materials. Inks, lacquers, adhesives and recycled pulp are important sources of phthalates in paper and paperboard packaging (Aurela et al., 1999; Binderup et al., 2002; Bononi & Tateo, 2009; Mariani et al, 1999; Sturaro et al., 1995 and 2006) . Some phthalates and their metabolites are known to present an endocrine disruptive action that as been associated with impairment of the development of male reproductive system in rodents. Although evidence in humans is still limited, data from human studies have explored possible associations between phthalates and men with altered semen quality, shortened gestation, reduced anogenital distance in baby boys, and premature breast development in young girls (Dickson-Spilmmann et al., 2009; Hauser & Calafat, 2005; Latini et al., 2003; Swan et al., 2005; Wittassek & Angerer, 2008) . Consequently, exposure to phthalates has been a concern due to these potential health adverse effects.
The work reported here consisted on a surveillance exercise on the phthalates occurrence in paperboard packages and respective foods and on the estimation of Portuguese consumer's exposure to di-butyl phthalate (DBP) originating from paper and paperboard packaging.
Exposure can be expressed as (Poças et al., 2007) :
Where the Migration term represents the concentration of substance that, by transfer from the package, ends up in the food; and the term Food Consumption represents the daily intake of food packaged in the system from which the migrant originated, or the amount of packaging used to pack the food consumed, depending on the units used in the Migration term.
Mathematical models are important tools that have been used for compliance assessment of plastics materials, but rarely for paperboard packaging or for generating concentration data for exposure assessments. process and its use in exposure assessments has been proposed (Vitrac & Leblanc, 2007; Poças, 2010 ). This approach was followed here using the Weibull kinetic model proposed to simulate concentration data of dibutyl-phthalate (DBP) in foods packaged in cellulosic materials (Poças, 2009) . The Weibull kinetic model is a simple model that commonly describes complex processes with high variability (Cunha et al., 2001 ). Due to these characteristics, it has been used to describe different processes in food processing, quality and safety (Blasco et al., 2006; Freitas & Costa, 2006; Morales et al., 2004) and to describe the migration of substances from paperboard into solid simulants of food in spite of its empirical nature (Poças, 2009) . The Weibull kinetic model may be written as:
Where C(t) is the concentration of migrant in food changing with time t, C ∞ is the concentration at equilibrium and C o is the initial concentration. The model has two parameters: τ, the scale parameter, associated to the process rate, being the time required accomplish a one log cycle (63,8%) of the process; and β is the shape parameter, quantifying the pattern of curvature observed (Cunha et al., 2001) . When applying this model to migration of a contaminant, its initial concentration in the food can be considered equal to zero. Normalising the migrant concentration in the food, C(t), with the initial migrant concentration in the package C P o , gives:
The model parameters (τ, β, C F ∞ /C P o ) determined before (Poças, 2009) were used and the initial concentration of DBP (C P o ) in the cellulosic packaging materials was determined experimentally from a short market survey. Samples of packages were collected from the shelves and screened for phthalates detection followed by quantification. Equation (3) was used to generate the C F distribution of values required for the 1 st term of the exposure equation (1). The consumption of food that is in contact with paper or paperboard is the other term in the exposure equation (1). The packaging usage data of a Portuguese representative consumers sample gathered before was used ). The exposure model can then be expressed as follows: (4) Where FW is the food weight packaged in paperboard consumed per day and per consumer body weight. Both terms of equation (4) 
Materials and methods

Data of initial concentration of DBP in the packaging
A short survey of the local market was conducted: samples of paper and paperboard packages were collected and taken to the laboratory for screening analyses: phthalates present were identified and semi-quantified as described subsequently.
-Sample Foods (21) packaged in cellulosic materials were purchased in one supermarket in Gaia, Portugal, in April 2009 (Table 1) . Food products were mostly dried food such as cookies and biscuits, flour and sugar, cereals and dry pasta, but also butter, frozen ice cream and chocolate. The foods all had primary or secondary packages made of paper, paperboard or corrugated board. In most cases there was also an inner package in paper or in a different material and only a few products were in direct contact with the outer packaging.
-Sample preparation
Packaging materials (only the cellulose based) and food samples were extracted with hexane, followed by sonication for 30 min and filtration. Around 1 g of packaging material and 106% respectively for DBP and DEHP; and from sugar samples of 77% and 51%
respectively for DIBP and DBP (Aurela et al, 1999 ).
-Semi-quantification of phthalates
The amount of each phthalate in the packaging material was quantified in relation to the ). Figure 1 represents the distribution of values found that were best fitted to the lognormal probability distribution function (Table   2) .
Weibull model parameters
The following Weibull model parameters were considered to describe the migration of DBP at 23°C: τ (hr) = 49.6±10.5, β = 1.35±0.32 and C F ∞ /C P o = 0.184±0.020. These parameters were derived from migration experiments from paper into Tenax (Poças, 2009 ). These parameters were considered normally distributed and propagated in equation (3) (Burmester & Anderson, 1994) . Descriptive statistics were calculated from the exposure estimates generated by the model.
Results and discussion
i. Phthalates concentration in packaging samples
All packaging samples collected and all corresponding foods were analysed. Phthalates were detected in all packaging samples but they were detected in only some of the food samples. Table 3 because there has been a general effort in reducing the exposure levels of consumers to this group of chemicals in the past decade. Those authors had found at that time that most of the cases detected were associated to off-set printing and that DEHP was the more common (Aurela et al., 1999) .
A survey in Australian market (1996) (1997) to 136 food packaging materials including plastics,
presented average values for the DBP and DEHP in printed fibre board packaging for baked foods, respectively 58 and 320 mg/kg, and in boxes for breakfast cereals average values of 45 and 42 mg/kg. these two phthalates were present and nearly all packaging samples. The values found in paper tea bags were considerably higher: 550 mg/Kg for DBP and 1625 mg/Kg for DEHP (Balafas et al., 1999) .
In a recent analysis of phthalates in infant food (milk powders, cereal flakes and semolina powder) packaged in recycled paperboard collected in Germany, four phthalates were detected in all samples: DIBP, DBP, BBP and DEHP. Values found in this survey tend to be higher because the sampling targeted packages made of recycled board which did not necessarily happen in the present study. The average value found to DIBP was 23 mg/kg, the values to DEHP ranged from 0.5 to 17 mg/kg and the values for DBP were all lower than 6 mg/kg (Gärtner et al., 2009 ).
Although only 21 samples have been collected, the distribution of values found for the DBP detected in the packaging samples is shown in Figure 2 . The samples presenting nodetectable DBP were attributed with a value equal to 0.01 mg/kg (a fraction of the quantification limit). This explains the high frequency of the lowest concentration bin in the histogram. Figures 3 and 4 show the distribution values of DEHP and DiBP concentration, respectively.
ii. DBP exposure estimates between the package and the food. This period of time was selected taking into consideration the expected average shelf-life of the products. In fact, the Weibull model parameters used were derived from experiments where the packaging material was in direct contact with Tenax®. In those conditions, 1 month of migration time yields to the maximum (equilibrium) concentration of DBP as can be seen through a simple simulation using the model parameters given. In that range of concentration, considering different product shelflife would not affect the exposure estimates (Poças et al., 2010) . Furthermore, some of the food packaging systems used presented a primary package made of a better barrier material than paper. That layer acts as a "delaying" barrier, promoting a lag-phase in the migration curve. Therefore, at any time of contact, those foods present a DBP concentration lower than that predicted by the model for the same time of contact. The distribution of exposure values is presented in Figure 6 . The curve presents a nonnormal shape, exponential decreasing: the probability of exposure decreases as the (EFSA, 2004) . In the meanwhile, the German safety authority (BfR) has recommended a specific restriction of migration into foods of 1 mg/kg food and suggested that German industry should agree on a common strategy to reduce and phase out the use of glues, printing inks and other products containing DIBP in order to reduce its levels in recycled paper (BfR, 2007) . DEHP was found at a concentration of 0.06 mg/kg in a cake mix, 0.2 mg/kg in stocks and at a concentration of 2.2 mg/kg in butter. In this latter case, the Al/paper wrapping materials was in direct contact and the value exceeded the migration limit set in the Directive 2002/19/EC which is 1.5 mg/kg. This limit is applicable to all-plastic materials and therefore it is not applicable (in legal terms) to the present case. The sample analysed was collected from the surface of the butter piece, which represents a worst case. Nevertheless, this particularly high value found may indicate that a more refined survey is necessary.
Given the result for DBP (not detected in the food samples), the exposure estimates may be considered safe. As indicated in Table 1 , many samples had a primary inner packaging that acts as a barrier between the outer cellulosic package and the food. The Weibull model parameters were derived for situations where paper is in direct contact, thus it could be anticipated that an overestimation of the DBP concentration of the food and hence of the (F1, F8) , and in the case of wrapping with aluminium (Al)/paper. In case of stocks (F2) the phthalates may originate from the printing ink applied in the paper wrap outer surface. However, since this material is commonly supplied in rolls, the set-off transfer into the inner material face during storage allows a ulterior migration into the food in spite of the excellent barrier that Al can provide.
Conclusions
The combination of mathematical models with food packaging usage data can be a practical and efficient tool to be considered in exposure assessments. The benefit of using these simulation tools is particularly interesting to avoid the analytical difficulties inherent to food matrices. Data of initial concentration in the packaging materials are still required but these are easier to obtain either through expert judgement or even by analytical means that, depending on the migrant, are typically simpler than those required to analyse food samples. The use of mathematical models requires the knowledge of the model parameters and for this study only the DBP parameters were available. The study should be extended to DiBP and DEHP when Weibull model parameters are available.
The parameters of the mathematical model used in the present study were derived with an experimental set up where the cellulosic material was in direct contact with the food simulant Tenax (Poças, 2009) . In those conditions migration is very fast because migrants do not need to cross a high barrier material. Furthermore, Tenax is considered to be an adequate simulant of solids foods for compliance purposes as experience indicates that equilibrium concentration in this simulant is often higher than the equilibrium concentration found in actual foods, thus indicating that results obtained with the simulant have a safe margin. Therefore, using the model parameters obtained in the described conditions to simulate concentration values that occur in real food and non direct contact, yields simulated concentration values in the food that are higher and that are achieved faster than those that would be achieved in actual conditions of indirect contact with food.
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